INTRODUCTION
The culture of caregiving in neonatal intensive care units (NICUs) has changed dramatically in the past decade. Before that time, specific interventions were introduced for infants in the NICU, mostly by providing additional forms of stimulation which were perceived as relevant for some aspect of their development. However, these efforts have come to be seen as limited, and a more comprehensive approach has become of interest. 1 The new perspective and approach, referred to as individualized developmental caregiving, is aimed at caregiving that is more generally responsive to the differences in physiological status and thus, differing needs, of individual infants. The stated goal is to ameliorate the vulnerability of the fragile preterm infant while being cared for in an NICU, 2,3 based on research documenting that the developmental course of a premature infant is affected not only by his/her medical condition and medical care, but also by the nature of non-medical care provided in the nursery. 4 -6 Als et al. 7 -11 and Gorski et al. 1, 12, 13 have been pioneers in conceptualizing and designing individualized developmental care for low-birth-weight infants; and their studies and those of other researchers 4,14 -20 have provided overwhelming evidence for the potential benefits of sensitive, individualized care. An underpinning for research in this area is found in evidence for the nature of rapid brain growth during early development, including neuron proliferation, migration, differentiation, synaptogenesis, myelination, and apoptosis; and evidence that these processes are sensitive to environmental conditions from the earliest age of premature birth. 21 At the same time, during this early stage of development, the brain is especially sensitive to stress -effects that are mediated by activity of the hypothalamic-pituitary-adrenocortical (HPA) axis 22 -24 and not fully avoidable in the care of preterm infants. Research by Graven et al. 25 indicated that severity of long-term problems of high-risk infants may be a result of the early environment and care practices. Furthermore, 2-year mental scores of premature infants have been found to relate to measures of their preterm caregiving environment. 26 Information and training procedures for individualized developmental caregiving have been disseminated, and the notion has become rather widespread that sensitive, responsive care can facilitate the developmental course of the vulnerable preterm infant. 10, 27 However, adopting procedures that may be optimal for the premature infants is a serious challenge for NICU staff. This is
OBJECTIVE:
Individualized attention for premature infants was assessed from temporal patterns of caregiving at three very different regional NICUs.
STUDY DESIGN:
Continuous time -lapse video recording of 95 premature infants under 1500 g was made over three 24 -hour periods when they were 33 weeks' and 35 weeks' conceptional age.
STATISTICAL ANALYSIS:
Analysis of variance was used to compare caregiving measures within and across hospitals.
RESULTS:
The tapes were scored in 5 -minute epochs for periods when the infants were in and out of the crib, and when intervention / caregiving was occurring. Despite other differences, the three hospitals did not differ with respect to demographic and risk characteristics of the infant subjects. In all three hospitals, there was more out -of -crib and more caregiving during the daytime than at night; caregiving time showed individual differences over day and night periods; developmental changes in caregiving were observed over the 2 weeks; and more caregiving time was devoted to infants who were at greater risk.
Original Article
evident in the research of Gorski et al. 1, 12, 13 and others indicating that physiological responses of preterm infants vary as a function of the timing as well as the content of caregiver or social stimulation. Even our non-systematic observations in numerous NICUs suggest these difficulties. We noted that some of the programmatic procedures of ''individualized caregiving'' were enthusiastically practiced for a period of time, then disappeared, sometimes replaced by other procedures. Those casual observations were the impetus for the present study because, despite apparent inconsistencies in use of specific practices, the nursing staffs appeared to be providing very sensitive caregiving for the fragile infants in their care.
The present report is the first to address the generality of the influence of individualized caregiving notions. The sensitivity and responsiveness of caregiving environments were assessed in three very different hospitals with Level III NICUs: a University Medical Center, a large urban hospital, and an inner-city hospital. To assess these NICU environments, we used continuous video recordings of the infants to obtain empirical measures of the temporal patterns of caregiving provided in these NICUs.
MATERIALS AND METHODS Study Design
From 3 days of continuous video recordings made when the infant subjects were 33 and 35 weeks' conceptional age (CA), measures were obtained of the timing of occurrence of specific caregiving events. From the data collected, a number of questions were addressed with respect to the temporal characteristics of caregiving interventions. The first addressed was whether, despite marked differences among the hospitals, there were commonalties among the NICUs in the indices of their caregiving sensitivity. This question was addressed by examining differences in the temporal patterns of caregiving for individual infants from day to nighttime, and across time over the 2-week age range.
To assess the validity of the measures of caregiving obtained, we asked: Do the temporal patterns of caregiving show a relationship with indices of the neurobehavioral status of individual infants? This question was addressed by examining the relationships of the caregiving measures to demographic and risk indices at birth and during the early postnatal period.
Subjects
The subjects were 98 premature infants weighing less than 1500 grams at birth. Three infants were transported to outlying hospitals and were excluded from this report. Of the final 95 subjects, 44 were males. Infants were enrolled at 33 weeks' post-CA if judged physiologically stable by their physician (i.e., they were considered to be a ''grower'') and if they had no diagnosed neurological dysfunction or major physical disorder. Demographic and risk indices for the infants at each of the hospitals are presented in Table 1 .
The subjects in this report were included in a previous study in which the relationship between sleep/wake states and caregiving measures was investigated. 29 The study was approved by the Internal Review Boards of the University and each of the hospitals. The mothers were interviewed and signed consent was obtained before any recordings were made. *Possible number of non -optimal events ranges from 0 to 42. 31 yPossible number of non -optimal events ranges from 0 to 10.
32
zBased on a four -point scale: 1 = attended high school; 2 = graduated from high school; 3 = attended college; 4 = graduated from college.
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Equipment and Procedures for the Video Recordings
A small (2Â4Â7 in.) Panasonic color video camera was suspended over the infant's isolette by means of a metal extension bar attached to the IV pole. The arrangement in no way interfered with the medical use of the IV pole. A Panasonic time-lapse VCR and camera power supply unit were placed on a low (2-in. high) rolling cart that could be slid underneath the isolette and firmly attached to its base by means of adhesive velcro strips. A miniature television was attached to the IV pole and connected to the VCR to monitor the focus of the camera during the recording. The entire recording unit could be moved freely with the isolette. Figure 1 shows a cartoon of the recording equipment.
Starting as soon as an infant was enrolled, he or she was videorecorded continuously, using a time-lapse rate of 60:1, until graduation to an open crib.
Three 24-hour recordings at 33 weeks' CA and three at 35 weeks' CA were selected for analysis for this study.
Procedures for Scoring the Video Tapes and Measures Obtained
For scoring, an auditory signal was dubbed on the video tape every 5 seconds (5 minutes in real time). Each of these epochs was coded for caregiving and periods out of the crib. The same researcher scored all of the videotapes, which were randomized so that two of the same infant's tapes were not scored on the same day. Each tape was scored twice. In this way, it was appropriate to use score-rescore reliability, assessed from agreement/disagreement on each epoch in the total recording. The lowest score-rescore reliability for any recording was 80%.
After a 24-hour tape was scored, the data were tabulated for the 24 hours and also segmented into 12-hour day and night periods, with nighttime starting at 7:00 p.m. The following definitions were used for the caregiving variables.
Caregiving (Crgv). Periods during which the infant was in the isolette and being handled or disturbed for routine care, a medical intervention, or social attention. Crgv was assigned to any epoch in which the infant was disturbed, however, Out of crib (OOC). Periods when the infant was out of the isolette, whether with a nurse, member of the medical staff, a parent, or other visitor. OOC was measured as a percentage of 24-hour and 12-hour day and night periods.
The same researcher scored all of the video tapes two times. The tapes were semi-randomized so that both of an infant's tapes were not scored successively or on the same day. In this way, it was appropriate to calculate score-rescore reliability, and this was maintained between 80% and 90% throughout the study.
RESULTS
There were no hospital differences for any of the demographic or risk variables. Accordingly, these variables were not taken into account for statistical analyses of other variables. Likewise, there were no sex differences on any of the measures, and this variable was not included in the analyses.
Caregiving at 33 and 35 Weeks' CA for the Three Hospitals: Hospital Differences Table 2 presents the mean (SE) for each caregiving measure at 33 and 35 weeks, presented separately for the three hospitals.
F-values from analysis of variances for differences among the hospitals are indicated for each caregiving variable. As indicated, Table 2 , F-values for change over the 2-week period are also presented. Each of the caregiving measures at all three hospitals changed significantly: caregiving (Crgv) and caregiving bout lengths (CrgvBL) increased, and time spent out of the crib (OOC) decreased significantly over the 2 weeks.
Caregiving at 33 and 35 Weeks' CA for the Three Hospitals: Relationships Over Age Table 2 also presents the correlations (r values) for the relationships between the caregiving measures at 33 and 35 weeks. There were significant individual differences over age for each of the three caregiving measures at each of the three hospitals, with the exception of OOC for hospital B. Thus, most of the analyses provide evidence for consistency of caregiving over age for individual infants.
Diurnal Differences in Caregiving within Hospitals at 33 and 35 Weeks' CA Table 3 presents, for each hospital, the mean (SE) caregiving measures for daytime and nighttime at the two ages, as well as F-values for differences between daytime and nighttime, and correlations between the daytime/nighttime measures. There were significant day/night differences for each of the hospitals, with more Crgv and more OOC during the daytime at both ages. CrgvBL did not show a significant day/night difference at either age at any of the three hospitals. Day/night correlations for each of the three caregiving variables, also presented in Table 3 , were significant at both ages only for hospital C. Hospital A showed these relationships at 33 weeks; and hospital B, with a smaller N, showed significant day/night correlations for CrgvBL at 33 weeks and OOC at 35 weeks.
Relationships among the Caregiving Variables at 33 and 35 Weeks' CA Table 4 presents the correlations among the caregiving variables at each age.
At 33 weeks, Crgv is highly correlated with CrgvBL at each of the three hospitals; and CrgvBL is significantly correlated with OOC at each hospital. However, Crgv is significantly correlated with OOC only at hospital C.
At 35 weeks, again Crgv is highly correlated with CrgvBL at each of the hospitals; and CrgvBL is correlated with OOC at each hospital (although the significance value for hospital C, with a lower N, is p<0.10). The relationship of Cgv with OOC shows a p-value of <0.10 for hospital A and does not approach significance for hospitals B or C.
In summary, the three caregiving variables showed similar patterns of correlations within each of the hospitals. Crgv and CrgvBL were consistently related across hospitals at both ages; CrgvBL was consistently related with OOC across hospitals and at both ages; and Crgv is not related to OOC at any of the hospitals at either age (with the exception of hospital C at 33 weeks).
Relationships of Caregiving with Demographics and Perinatal Risk Indices
With the objective of demonstrating validity of the measures, we investigated the possibility that caregiving was generally determined by the biological status of the infants. The relationships between the caregiving variables and the demographic and risk indices were assessed. The analyses were carried out over hospitals, using z-scores for the caregiving measures obtained within each hospital.
There was no significant relationship between caregiving measures and the infants' sex, delivery mode, maternal education, presence of BPD, or IVH. Table 5 presents the significant relationships that were found between caregiving measures and the demographic and medical status variables.
As indicated in Table 5 , Crgv was significantly, and positively, related to the Parmelee and Littman Postnatal Risk Scores at both ages; CrgvBL was related positively to gestational age (GA) and to birth weight (B Wt) at 35 weeks' CA; and OOC showed a number of significant relationships which were present at both ages, including: negative relationship with GA, B Wt, and 5-minute Apgar Score, and a positive relationship with the Prechtl Perinatal Risk Score (only at 33 weeks' CA), the Parmelee Postnatal Risk Score, and mechanical ventilation.
The relationships with mechanical ventilation (either ''Yes'' or ''No'') were assessed by means of analysis of variance. The mean (SE) OOC values for ''Yes'' and ''No'' at 33 weeks' CA were 16.8 (0.5)% and 15.3 (0.6)%, respectively, for the three hospitals; and at 35 weeks, they were 13.6 (0.4)% and 11.7 (0.3)%, respectively. Thus, at both ages, infants treated with mechanical ventilation showed significantly more OOC time.
In summary, over the three hospitals, more Crgv was provided for infants with higher postnatal risk status, but longer CrgvBL was given to infants with higher GA and birth weight, and more OOC time for infants with higher risk status, as indicated by each of the indices that showed significant relationships with OOC.
DISCUSSION
This study was based on 570 24-hour video recordings of preterm infants. With such a large data set, it was possible to address a number of issues that have not been previously considered with respect to the clinical significance of temporal parameters of caregiving of preterm infants.
It should be noted, first, that there were no significant differences on any of the demographic or risk variables among the NICUs at the three very different hospitals: a University Medical Center, a large urban hospital, and an inner-city hospital. Thus, there was no evidence that the subjects from these hospital units represented different subpopulations of premature infants. Further, there were virtually no hospital differences on any caretaking measure at either 33 or 35 weeks' CA. Such a lack of hospital differences was an unexpected result, in view of the different physical environments, differing nursing staffs, different populations served, and even some variations in care practices seen within and between the hospitals during the course of the study.
It was also dramatic to find that the nursing protocol at each of the hospitals offered highly individualized caregiving: each of the measures of caregiving, including caregiving time (Crgv), duration of caregiving bouts (CrgvBL), and time the infants were out of the crib (OOC) showed significant individual differences for the infants over days and from the daytime to the nighttime hours; and two of the caregiving measures, Crgv and OOC, showed significant individual differences from 33 to 35 weeks. It is important to note that CrgvBL showed individual differences at both ages. Not only did this variable fail to show a difference among hospitals, it did not differ from day to nighttime at any of the three NICUs. These results, indicating both stability and individual differences in the duration of episodes of caregiving, provide evidence that the ongoing condition of individual infants dictated attention given by the caregivers.
The results would also seem to be consistent with a statement by Holditch-Davis which addresses the occurrence of physician Thoman Caregiving for Preterm Infants examinations, treatments, parent visits and other procedures by emphasizing ''the important role nurses play in preterms' development, since they control the timing and duration of interactions and the amount of time that infants are alone'' (p. 119). Infant status as a guide to care was further indicated by increased attention given to infants whose records indicated greater risk: more Crgv was given for infants with higher Postnatal Risk Scores; and longer CrgvBL were given for infants born at lower GA, lower birth weights, and those treated with theophylline. Thus, the more fragile infants consistently received more care at both ages, regardless of hospital or caregiver.
The findings with respect to OOC are also relevant to the sensitivity consideration: higher OOC was associated with lower GA, birth weight, and Apgar; and higher OOC was associated with higher scores on the Perinatal and Postnatal Risk scales, administration of theophylline, and mechanical ventilation. Each of these findings implies that the more fragile infants were OOC more at both ages; and the findings were consistent across the three NICUs. An interpretation of the direction of the OOC relationships is not readily apparent, but consistent with the nature of these relationships is that OOC decreased from 33 to 35 weeks' CA at all three hospitals.
From the findings of this study, it is reasonable to conclude that the preterm nurses were ''tuning in'' to the condition and cues of their infant patients with respect to optimal timing for interventions, that is, when and how long the infants may be able to cope physiologically with additional stimulation. Our temporal data indicate that a dramatic degree of responsiveness to individual infants is possible, and the commonalties in measured sensitivity across the three hospitals suggest that such sensitivity may now be prevalent in present-day NICUs.
Further evidence for responsive caregiving for the infants at one of these hospitals can be reported -based on data other than temporal measures. From the video recordings, the sleep/wake state of 55 infants was noted just before they were taken out of the isolette. Of 1385 such instances during the 3 days at 33 and 35 weeks' CA, 1070 (or 84%) of them were ended by the infants being removed when they were in either wake or sleep/wake transition (a behaviorally active state 28 rather than in sleep). This was the case although the infants were asleep about 85% of the time they spent in the crib. 29 These data exemplify the timing of caregiving interventions as a responsiveness to the infants' cues. Thus, despite a very busy schedule, the nurses were apparently able to permit the infants to communicate when it was most appropriate to touch or pick them up and when they might ''prefer'' not be disturbed.
Concluding Comments
Nurse/infant interactions can be considered analogous to the interactions of mother-infant dyads at later ages, 30 including the significance of synchrony in the cue-response patterns of nurse caregiving for the infant's developmental course. It is notable that nurses can become especially attuned to the requirement for ''when'' an intervention is appropriate for these vulnerable infants, because they cannot always control the ''what.'' Accordingly, we propose that responsive timing is an important expression of individualized developmental care in the NICU.
Furthermore, the results of this study suggest that the principles of individualized caregiving have become pervasive in current-day NICU caregiving. And this is the case whether or not a unit uses the latest positioning aids and the most careful controls of reducing light and noise in their nursery. 2 Finally, the findings provide evidence for the validity of temporal parameters for assessing the sensitivity and responsiveness of the NICU environment.
